We used UAV-based sensing platform to investigate plant height over 4 growth stages 3 5 for different maize populations, and detected numbers of reliable QTLs using GWAS.
minor allele frequency (MAF) more than 0.05 (Liu et al., 2017) . The population was An Octocopter UAV (DJI Spreading Wings S1000) platform was used to collect a 1 4 6 set of aerial images across four flights ( Fig. 1B) . A 20.2-megapixel digital camera 1 4 7
(Cyber-shot DSC-QX100) was mounted on the UAV to acquire the images by means 1 4 8 of a global positioning system (GPS) and inertial navigation unit system. In each 1 4 9 flight, the same flight plan was followed with 80% forward overlap and 75% side control points (GCPs), measured using millimeter-accuracy differential GPS (South 1 5 6
Surveying & Mapping Instrument Co., Ltd., China), were evenly distributed in the 1 5 7
field to obtain an accurate geographical reference from multiple dates. between the adjacent timepoints. Finally, the DGRPH was calculated as the GRPH divided by the total days between the adjacent timepoints. The phenotypic distribution 1 9 4
and graphs were implemented in the R v. 3.2.4 statistical software. Genome-wide association study (GWAS) was carried out in temperate (TEM), control false positives, which may be caused by population stratification and the QTL interval with the lowest P value was considered as the peak SNP.
1 5
We searched the genes in each QTL according to the physical position of each was very high (r 2 = 0.91), indicating that the data obtained by the UAV platform had 2 4 8
As the wide diversity of the BOTH group, we divided the group into TEM and 2 7 1
TST groups, and found the plant height between TEM and TST maize exhibited a 2 7 2 significant difference at each growth stage (Fig. 4) . From the first to the third flight importantly, the most significant difference for the two groups were at 3t4 stage when 2 7 8 most TEM lines were flowering, while most TST lines were still in vegetative growth. were detected, covering 10 chromosomes of the maize genome (Data S1-S5; Fig.   2 8 5 S1-S4). There were 38, 49, 50, 50 and 51 QTLs detected for PH, IPH, GRPH, DIPH 2 8 6
and DGRPH traits, respectively. To verify the accuracy of the QTL, we compared the previously reported QTLs were also detected to be associated with plant height, such as ARFTF4, D3, GA2OX8, were 6, 6, 2 and 24 loci detected for PH traits at the V5, V10, V12 and R stages, 3 0 0 respectively ( Fig.5 ; Data S1). More QTLs at the flowering stage were detected than at family protein (Tudroszen et al., 1977; Balzan et al., 2014) , was detected in the QTL B73 showed that the gene expressed highly in the SAM and internode, indicating that 3 1 1 the gene was likely to have controlled plant height, especially in later development. Second, different QTLs controlled plant height in different groups. We found that across four stages, there were more QTLs detected in the other two groups than 3 1 5
BOTH group except in the first stage (Fig. 6 ). The reason may be different GWAS 3 1 6 model used for the three groups, and the model used for BOTH group was strict than 3 1 7 the other two groups with population structure be considered. In addition, for the 3 1 8 similar model of TEM and TST groups, the QTLs were still different, which may be Third, we have found considerable overlap between PH, IPH, GRPH, IDPH and 3 2 4 DGRPH ( Fig. 7; Fig. S5 ). Based on the correlations between the five class traits, and 3 2 5
the results of co-localization of QTLs, we can obtain a systematic understanding of indicating that the plant height at the R stage was mainly contributed by the difference
of the growth rate of V12 to R stages rather than other periods. These results indicate 3 3 1 that the plant height surveyed at a specific stage was affected by many factors, such as 3 3 2 IPH and the plant height at the former stage. Application of genetic improvement is the most effective way to increase crop Compared with indoor platforms, the development of field HTPPs will be much 3 5 0 more complex because of the requirement for high flexibility and a large payload applications and can be extended to more complex agronomic traits. The determination of plant height variation depends on the in-depth investigation shorter plant height than the TEM maize from sowing to jointing stage. However, 3 7 0 from the jointing to the flowering stages, TST maize had a faster growth rate, and 3 7 1 finally resulted in a taller plant than TEM maize. Third, there were different genes 3 7 2 regulating the plant height at different stages, some controlling early growth, some Table 2 . Features for the extraction for the plant height using UAV-HTTP 
